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INTRODUCT ION

A plasticized bag has been designed by Dr. C. Scott Johnson, U. S.
Navy Marine Biology Facility, Point Mugu, California, to support a per-
son when the bag is full of water and buoyed by three inflatable cuffs
attached to its top. The bag should prevent the release of blood and
other shark-attracting odors into the surrounding water. The questions
arise as to whether sharks in the area will attack or damage the bag and

what is the best material, color and size of bag to minimize shark attack.

The purpose of this work is to determine the response of both cap-
tive and free-living sharks to bags of two sizes and of various colors
(a) when the sharks are not motivated by food, (b) when they are moti-
vated by food, and (c) when motion is imparted to the&bag simulating the
movements of a person within it. Any other information concerning the
suitability of the bags as an anti-shark device will also be noted.

The tests were conducted on captive sharks at the Hawaiijtnstitute
of Marine Biology (HIMB), Coconut 'Island, Oahu, and on free-living
sharks at the Eniwetok Marine Biological Laboratory (EMBL), Eniwetok
Atoll, Marshall Islands. We are indebted to Mr. V. E. Brock, Director

of HIMB, for use of pond facilities at Coconut Island, and to Dr. R. W.
Hiatt, Director of EMBL, for the use of laboratory facilities and for
logistic support during our work at Eniwetok. Dr. C. Scott Johnson pro-
vided some of the equipment and also the services of Mr. Morris Winter-
man for assembling it at Eniwetok. We are grateful to all who assisted
in the work, including Lt. Col. Louis Montalvo, Commanding Officer of

the Eniwetok Missile Range Facility, and many personnel of Holmes and
Narver, Inc., including Mr. W. Willard, Mr. J. Gabbard and many
others.
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SECTION I - POND TESTS

MATERIALS AND METHODS

FaciliLies. SLa.'-:s, Apparatus.

The first tests were conducted in a large, semi-natural pond at the
Hawaii Institute of Marine Biology during January and February, 1966.
The pond has screened gates at one end and a screened fence at the
other, and is flushed by tidal action (Fig. 1).

Two grey sharks, Carcharhinus .milberti (identification fairly cer-
tain but not confirmed), one about six feet and the other about seven
feet in length were used. They had been in captivity for six years and
were' active, healthy specimens. They were starved approximately for
two months before the ter's were conducted.

IIN

The sharks were confined in a section of the pond approximately )
200 feet long and 75 feet wide. One side of the pond was relatively
shallow over its entire length with an average depth of about two to four
feet, depending on the tide. The other side contained a channel with an
average depth of 8 to 10 feet, depending on the tide. The average width
of the channel was about 20 feet. It had a sandy bottom and coral-head
sides. TChe sharks usually swam slowly back and forth along the chan-
nel, with an average speed of about one foot per second (1.2 miles per
hour).

A 16-foot observation tower was erected halfway along the length of
the area, overlooking the channel. A 50-foot test area, 25 feet on
either side of the tower, was marked off by strings running across the
pond (Fig. 1). A portable tape recorder was used to describe shark
activity by one of two observers on the top of the tower while experi-
ments were in progress. The other observer simultaneously diagrammed
the movements of the sharks during control and test periods of most ex-
periments.

All pond tests were conducted with two plasticized bags 37 inches
in diameter when inflated by means of the three cuffs at the top. One
bag was pink and made of a light-weight, smooth, plastic-like material.
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The other was grey (silvery) and made of lighter-weight, fabric-like
material. The pink bag was translucent and the grey bag opaque.
Reflectivity (see later) was not measured. These bags, unlike those
used in the lagoon tests, had a grommet hole in the side just below the
cuffs. The hole, used for securing the bag to a line, was covered with
a plastic sleeve.

Experimental procedure.

In most of the experiments (P1 to P4, Table 1), the paths of the
sharks through the test area were diagrammed and the number of
passes through or loops into the area were recorded during three 5-min-

ute control periods. A bag with cuffs inflated and filled with water then
was inoved into mid-channel and held in position by means of a cord
fastened to the bag and running across the pond. The response of the

sharks to the bag was then diagrammed and recorded during three 5-
minute test periods, followed by a further period of continued observa-
tion.

In some experiments (P2, P4, P6) the water adjacent to the bag
then was chummed with small whole fish (smelt, butterfly fish) or pieces
of cut fish (surgeon fish, eels, etc. ) to induce the sharks to feed as
close as possible to the bag. In other experiments whole, slashed fish
(one surgeon fish in P4; 2 surgeon fish and 4 butterfly fish in P5 and P7)
were tied to the bag from a loop of string around the inflated cuff such
that they were equally spaced and dangled against the side of the bag
about 8 to 12 inches below the surface. After the response of the sharks
was observed, chum then was thrown as close as possible to the bag to
see if the sharks would take the attached fish.

Ii0

L _______________________________________
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RE•SULTS

The results of the experiments (P1 to P7) Are stmimariaod in
Table 1. They were conducted during the morning or early afternoon
with underwater visibility excellent (PI and P2), fair (Pi, PS, P71 or
poor (P6). Noon water temperature, measured only once but not sub.
ject to wide variation, was 75 deg. F.

Behavior duringi Control Periods.

Under normal (control) conditions, the sharks swani slowly back
and forth along the channel, averaging S to 8 passes per 5-minute per-
iod, Only rarely did they swerve from a straight course down the
channel ani only once were they seen to loop, I.e. , reverse direction
of swimming while in the test area. They tended to swimt in mid-water
or near the bottom of the channel. Their paths during the three S.nin.
ute control periods for one experiment (PZ) are illustrated in Fig, 2.

Response to the bags.

Whmn a bag was introduced, the sharks seemed to see it as soon
as they entered the test area. At first they would loop out of the area
when within a distance of about 15 feet from the bag. Soon, however,
they would pass through the area, but would either veer around the bag
maintaining a distance of about 1 0 feet from it, or they would pass over
the coral heads lining the sides of the channel. Occasionally they would
pass through the test area in the shallows. The change in swimming
pattern during test periods is illustrated in Fig. 2.

During the first experiments (P1 and P2) the number of passes dur-
ing the first three 5-minute test periods was considerably leas than dur-
ing control periods, and decreased still further during subsequent per-
iods of observation. The sharks seemed to be quite wary of the presence
of the bag and tended to circle more and more In the end zones. This was
the case particularly with the larger of the two grey sharks, which
avoided the test area to a much greater extent than the smaller one when
the bag was present.

During later experiments (P3 and P4), the sharks were still startled
by the initial presence of the bag but became adjusted to it inore
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quickly, They continued to veer around the bag when swimming in mid.
water, but sometimes passed beneath it, uselally veering slightly, when
swimming deep, 'rho deep passes sometimes brought them within 4 or
I feet of the bottom at the bag,

The responses to the pink bags generally were similar, However,
it was our impression that when swimming in mid.water, the sharks
approached somewhat closer (1 to 10 feet) to the pink ball than to the
grey bag (10 to I& feet), This seemed to be the case In comparing the
results of P1 (greY) and PI (pink) and also in comparing the results of
P3 (pink) and P4 (grey), when the order of testing was reversed,

Reeponses to bass with chum,

After the foregoing observations had been made in experiments

PA and P4, pieces of cut fish were thrown from the tower as close as
possible to the bag. The sharks immediately were attracted by the
splash ot the chum, approached the surface with dsursal fin above water,
and excitedly circled the bag in a feeding frenay, Generally they wnuld
take the chum when It was at least a foot away freom the bag. When it
was loes than one foot, a shark would dash in on a collision course
with the bag, but then would abruptly veer at & distance of about one
toot without taking tee bait, In veering, the shark sometimes would
hit the bag with pectoral tins, body or tail. On one occasion (P4) a
shark rammed the bag with its snout and then circled it closely attempt.
ing to devour the bait but not succeeding.

In this last instance, the shark's tooth apparently caught the bag,
for it suffered a jagged 8-inch-long rip on the side just below the cuffs.
However, the bag previously had been torn near the bottom when
it was dragged across the coral. This made it flaccid, hence more
susceptible to snagging on the shark's teeth.

There was no noticeable difference in the sharks' behavior toward
the grey and pink bags during the chumming operation.

Reponne to Baas with Fish Attached.

One fish was tied to a line to dangle against the side of the bag
after chumming in Experiment P4, and six fish were similarly tied to
dangle around the outside of the bag before chumming in Experiments

Io



PS and P7. In P4 and PS, within a few minutes after the bag with
attached fish was placed in position, the sharks sensed the odor, sur.
faced and excitedly circled the bag. However, they did not approach
closer than about two feet and at no time did their body come in contact
with the bag, The action died down soon and the sharks ignored the
balg. In P7, again with six fish tied to the bag, the sharks were swim.
rming on the bottom and did not pick up the scent,

In all three experiments, chum then was tossed from the tower,
landing near the bag with its attached fish, The sharks immediately
became exicted, circled the bag and fed voraciously on the chum. They
approached close enough to the bag to take the single attached fish in
P4 and one of tho six attached fish in P7. During the feeding frenay
the sharks frequently brushed against the side of the bag with their
body and fins, causing it to sway back and forth and change in shape.
This caused the attached fish to oscillate; sometimes they would be
flat against the side of the bag and sometimes they would be projected
a distance of about 8 inches from it, The sharks appeared to take the
two fish when they wvere angled out from the side of the bag.

F The flaccid grey bag used in Experiment P4 suffered an additional
rip during the above action, The turgid pink bag used in Experiments
PS and P7 suffered no damage from the sharks.

Swimmer in bag.

At the close of the above experiments the pink bag was taken to a
spot outside the pond and entered by one of us (Daniels). Once in the
bag, pressure of his foot or knee caused the seam to rip apart along
the side of the bag. The seam is too weak and the fabric of both bags,
particularly the grey one, seems to be too filmsy for use under rugged
survival conditions.

S
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SECTION II - LAGOON TESTS

MATERIAL

Facilities.

During July, 1966, the behavior of sharks to plasticized bags was
observed in Eniwetok lagoon, All observations were made from or
around a barge anchored about 300 yards to the southwest of island Rex
(Jieroru) (Fig. 3). During the first week of observations (July 5 to
July 12) the barge was anchored from one end only and swung some dis-
tance from side to side. During the second and third weeks of observa-
tions (July 14 to July 25), the barge was anchored at both ends and re-
mained more or less in a fixed location.

Observations were made from the barge deck and from two under-
water viewing chambers, one attached to the barge and the other to. a
raft (Fig. 4). Shortly after it was put into operat:on, the raft chamber
separated from the raft as a result of wave action, and sank. Conse- -
quently most of the observations were made from the barge chamber.
In addition some observations were made from a cage tied to the side
of the barge at the water surface (Fig. 6).

The underwater viewing chamber attached to the barge placed one
observer about six feet below the water surface. Three observation
ports allowed vision in three directions. The largest port (about
9 x 20 inches) faced the experimental area, where the bags were intro-
duced and held in the water.

Throughout the experimental period, water visibility generally was
good, ranging from 50 to more than 125 feet (estimated). Weather
usually was clear, with scattered clouds and an occasional shower.
Water temperature (85 deg. F) was taken once at 1430 hrs. , July 28.

Bags.

The supplied bags were of two sizes, large (37-inch diameter) and
small (24-inch diameter). They were of eight colors (white yellow,
flesh, grey, green, red, blue, black). In addition was supplied a
single green bag (37-inch diameter) having a silvery foil around its 0 1
outside. This bag is called a "chrome" bag in this report.



04
I'll, %

vILOCI ATIONOFBAG
61h all.

Mill 11421

11HU

/-1k

.dol.
-,-L.29



FIG. 4. Foreground, Viewing Chamber Before Attachment to Barge. Back-
ground, Shark Cage and Viewing Chamber Attached to Raft.

FIG. S. Experimental Situation With Two Bags, Large and Small, Showing
Viewing Chamber Attached to Barge..



FIG. 6. Shark Cage, As Seen From Viewing
Chamber Attached to Barge.

FIG. 7. Experimental Situation With Two Bags, Large and Small, Showing
Bait Dangling at the Surface and One Shark Attacking Bait and Another
Near the Large Bag.
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Bags other than white, black and chrome were matched with color
charts in "A Dictionary of Color" by Maerz and Paul (2nd edition,

Si McGraw-Hill Book Company, 1950). The color samples most nearly
matching the bags are listed in Table 2.

Reflectivity of bags of different colors was measured in air and in
eight feet of water in Eniwetok lagoon, with the results shown in Table 3.

Transmission of light through bags of different colors was mea-
sured in air, with the results shown in Table 3.

Sharks.

Three species of sharks commonly appeared during the observa-

tion periods, the whitetip shark Triaenodon obesus (family Triakidae),
the blacktip shark Carcharhinus melanopterus (family Carcharhinidae)
and the grey shark Carcharhinus menisorrah (family Carcharhinidae).
Only one other species of sharks, possibly either Hemigaleops fosteri
or Carcharhinus brachyurus (family Carcharhinidae), was ever sighted,
and that was only briefly during the last part of the last experiment.

I|
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Table 2. Color samples matching the colors of bags (from Maerz and
Paul, "A Dictionary of Color," 2nd edition, 1950, McGraw-Hill BookCompany). i

Bag Color Sample Color

Yellow Plate 17, K-1

Flesh Plate 10, A-7

Grey Plate 44, A-4

Gre en Plate 25, J-1O0

Red Plate 1, J-5

Blue Plate 33, 1-12
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METHODS

Bag Reflectivity.

Reflectivity was measured in air and in eight feet of water in Eni-
wetok lagoon, with a Wesson illumination meter (model 756). In air,
measurements were obtained for each zolor of bag (37-inch diameter)
under three levels of incident light (25, 40 and 130 foot-candles). In
water, measurements were obtained for each color of bag (37-inch dia-
meter) in bright sunlight at 1300 hours.

For air measurements a bag of a given color was unfolded and
spread over a table 2A feet square, so that two layers of bag material
covered the table. Overhead illumination consisted of two and three
fluorescent tubes (for incident light of 25 and 40 foot-candles), or three
fluorescent tubes supplemented by an incandescent spotlight (for inci-
dent light of 130 fc). Light sources were four feet above the table.

* Reflected light was measured by the meter facing downward one
foot above the center of the table. Incident light was measured by the
meter facing upward while placed upon the black bag in the center of the
table.

Air measurements were repeatable within 5% or less and those
given in Table 3 are averages of two trials. Water measurements were
variable by as much as a factor of two, owing to light fluctuation in the
water medium. One source of fluctuation was surface waves. These
caused a constantly changing pattern of light and dark on the illuminated
surfaces of the bag. Another source was the attitude of the bag and the
amount of glare reflected from its surface. A third source was variabi-
lity in bag fabric, some being relatively opaque (white, flesh, grey and
black), others relatively translucent (yellow, green, red and blue).

In order to eliminate some of the variability due to transmitted light
and glare, measurements were taken from the sunlit side of the bag and
under conditions of minimum glare, two feet below the water surface
and one foot from the bag. Under these conditions water measurements
were repeatable within 25% or less for two trials, the averages of which
are given in Table 3.

* iIn addition, light intensity was measured along horizontal (190 foot-
Sw• candles), 45-degree inclined (800+ foot-candles) and 90-degree vertical

(800+ foot-candles) axes (Table 3).
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The relative brightness of the different colored bags can be assumed
to be that shown in the air measurements with white bring the brightest,
followed by yellow, flesh, grey, green, red, blue and black in that order.
Measurements in water agree reasonably well with those in air,

Transmission of light through bags,

Transmission of light through bags of different colors was meadvired
in air by placing the bags on a table with overhead lights four feet above,
The lights consisted of three fluorescent tubes and one incandescent spot.
light. Incident light of 120 foot-candle. was measured by the meter fac-
iiig upward in the center of the tabletop, Transmitted light was measured
by the meter in the same location facing upward directly beneath one layer
of bag material, Measurements were repeatable within 5% or less and
those given in Table 3 are averages of two trials.

S~I' ~Experiment s with. bagls.

The first series of experiments (LI-1.10) were performed with a
single large bag (37-inch diameter) in the water. Shortly after the bag
introduction a quantity (20 tn 30 pounds) of chopped fish (surgeon fish,

sea bass, snappers, etc,) in a wire basket was lowered into the water,
Thereafter ensued a period of waiting for the sharks to appear, When
they appeared additional chopped fish piece by piece was thrown into
the water to tempt the sharks to approach the bag, where their reactions
to the bag could be observed.

Certain problems appeared early in the course of these experiments
and their solutions had sorne bearing on the experimental results, The
problems concerned mainly (a) securing of the bag, (h) behavior of the
sharks toward the chum.

Strong currents and high winds usually were present in the study
area and it was impossible to secure the bags to the barge with a single
or double loop of rope around them or a loop through them. As a result
of wind and current, deformation of the bag resulted from a loop around
it and eventually the bag would slip free altogether. Any loop through
the bag weakened it and resulted in extensive tearing. Better but still
unsatisfactory results were obtained by using a double loop attached to

a line weighted by a lead brick. The horizontal axis of the double loop C)
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pr,,vntd the baM from slipping out, but the loop still seriously do.
ftirmnd the bagl, Civarly immnp •ort of internal support was called for
And a braced, ringlliko, sheet-nmtal band was made the same diameter
as the bag and inserted Just below the inflatable cuff (Fig. 8), The ring
hadI additional metal piecom soldered to it to form a partial groove around
its out aide ciru-mference, With the ring in place, a double loop of rope
around the outaide of the bag could be tightened in the partial groove.
This harness worked well when attached to the weighted line, However,
thp ring in response to the motion of the bag tended to slip out of the
loop and oink to the bottom of the bag,

It turned out that this condition was quite satisfactory it the ring
were attached to the double loop oa the outside. Inside the bag, the
ring with its attached line absorbed sufficient amount of the strain to
prevent serious bag deformation by the double loop on the outside, As
a result, most of the bags were harnessed in this way and attached to
a line weighted by a lead brick danglingl about three feet below the level

of the bag bottom, The ring inside the bag and the line in the water did
not seem to influence shark behavior, In contrast the lead brick (the

Seaime of a house brick) was of considerable interest to the sharks, for
they often bumped it with their snout or took it partially into their
mouths and bit it.

The behavior of the sharks toward the chum was highly variable,
depending on several factors. For example, initially it was difficult
to tempt sharks to the surface. LAaving the wire basket containing
chopped fish on the surface gave poor results. The sharks were not
attracted to it, for they habitually stayed deep near the bottom. Thus
the wire basket was lowered to the bottom or as deep as practicable.
This situation gave better results and more sharks were attracted to
the wire basket,

Throwing chopped fish piece by piece into the water sometimes
was effective in tempting sharks to come to the surface in the vicinity of
the bag. As noted earlier, however, the barge initially was free to
swing side to side some distance, The result of this swing was that the
barge sometimes was over a reef and water 6 to 20 feet deep and some-
times over a channel and water in excess of 150 feet deep, In most
cases throwing chopped fish into the water resulted in its accumulating
on the bottom. When the water was relatively shallow, this was advan-
tageous, for sharks accumulated in an area relatively near the bag to
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eat the fish, When the water was relatively deep, this was disadvan-
tageous, for the sharks accumulated in an area relatively far from the
bag,

Those circumstances suggested that better results could be ob-.
tained over the reef area in relatively shallow water, and the barge
consoquently was anchored from both ends over shallow water about
20 feet deep, The results were as expected and sharks tended to
accumulate in the study area in relation to the amount of chopped fish
thrown in, However, it still proved difficult to tempt the sharks to
approach the surface. Consequently the chumming technique was
modified. Whole fish rather than chopped fish were used and these
were attached to a line so that they could be raised frnm the bottom
when the sharks attacked them. This technique gave very good results
and was employed during the later (11 to 20) experiments, A typical
series of events might be as follows - (a) placement of bag(s) in water;
(b) placement of wire basket containing 20 to 30 pounds of chopped fish
on or near the bottom; (c) lowering near or to the bottom 30 to 60
pounds of whole fish attached to a line so that they could be raised.

The first sharks to be seen in the area on any given day Asually
were whitetips. They typically took much interest in the wire basket,
often bumping it or biting it. After some minutes grey sharks generally
appeared, often around the wire basket. Eventually the grey sharks
found the whole fish and began to feed upon them, An attack upon the
fish by one shark usually would result in the attraction to the fish of the
other sharks in the area. At this point the fish slowly were raised to-
ward the surface. AP the fish were raised, the grey sharks often
seemed to lose track of them, and would return to the bottom. appar-
ently to hunt for food. In such a case, the fish were returned to the
bottom. Shortly thereafter, the sharks again would find them, and
then the fish slowly would be raised. This procedure usually was
successful in tempting the sharks to the surface near the bags (Figs.
9 and 10). Once at the surface the sharks were allowed to feed upon
the whole fish. In addition, chopped fish usually was thrown into the
water close to the bags.

While the sharks were at the surface in the vicinity of the bags.
their behavior was observed and certain aspects of it counted - (a) the
approaches within one foot of a bag; (b) the brushes against a bag by
the fins or body of a shark; (c) bumps and bites on a bag; (d) bumps9 and bites on a lead brick. Contacts with the wire baske also were
counted. At the %ame time, a running census of the shark population
in the experimental area was maintained.

____________________________________ ________________*



FIG. 9. SMarks Attacking Baik In Mid-Water, With a Lead Brick Visible in
Backgroun& (

FIG. 10. Experimental Situation Showing a Shark Pawing Near a Large Bag.
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RESULTS

Experimental results are summarized in Tables 4 through 10 (at
the end of this section). Experiments Li to L10 and L19 include those
experiments done during daylight hours with a single large bag
(Table 4). Experiments Li 1 to Li 8 include those done during daylight
hours with two bags, large and small, usually of the same color. Ex-
periment LZO, with large black and large white bags, was done during
late afternoon and evening hours.

Response to a Single Bag.

During the first week of the experiments, it soon became apparent
that most of the sharks induced to come to the surface were not notice-
ably attracted or repelled by any of the bags regardless of their color.
The attitude of most of the sharks toward the bags seemed to be in-
different. In general sharks would not approach within one foot of the
bag except to eat chopped fish thrown into the water near it. Then the
sharks never exhibited any hesitation in approaching the bags. Occa-
sionally a shark would wander into the area from the upstream side,
circle the bag at a distance of 3 to 5 feet and swim away. More rarely
a shark would take a greater interest in the bag, inspect it at a close
distance, bump it or brush against it, apparently even when not moti-
vated by food.

It sometimes was impossible during the course of an experiment
to tempt the sharks to the surface because of their predilection to hunt
for food along the bottom. This was true especially for the whitetips
and blacktips. The grey sharks were the most easily tempted to the
surface. Consequently they approached the bags more frequently than
either the whitetips or blacktips, even though the greys were not always
the most abundant species in the study area. The greys, however,
generally seemed to be the most aggressive species. On some occa-
sions when grey sharks were relatively few or absent altogether, white-
tips could be induced to approach the surface in the vicinity of the bag.
Almost never, however, did whitetips take an interest in the chopped
fish thrown into the water until the fish came to rest upon the bottom.

Unlike that of the greys, the behavior of the whitetips was never ob-
served to become frenzied. The blacktips during these experiments
could never be induced to approach the surface, for they always stayed
deep along the bottom.

___.
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Occasionally contacts occurred between sharks and bag. These
were either brushes with the body or fins, or bumps with the snout, as
when the shark directly approached the bag until his snout bumped it.
Rarely was a shark seen to attempt to bite the bag. Sometimes one
seemed to intend biting the bag but missed contact with it (abortive bite).
On two occasions one shark actually bit the bag on one corner along the
bottom edge. No visible damage could be seen to any of the bags result-
ing from contact between sharks and bag.

The bumping of the bag seemed to be a kind of testing procedure on
the part of the sharks. In any case, anything they might have learned
from bumping the bag did not stimulate them to attack it. The sharks
also and more frequency bumped the brick weighting the line to which
the. bag was attached. In general, it seemed that once a shark bumped
the brick, he did not then attempt to bite it. What he learned from
bumping it possibly inhibited further attack. However, the brick was
bitten several times.

Res2onse to two bags of the same color and different sizes. 0

During these experiments the shark population generally was much
greater, for the location of the barge was fixed over shallow water and
sharks tended to accumulate in the area. Shark behavior was very
similar to that observed in experiments with single bags. In general,
sharks appeared to be indifferent to the bags and would approach them
without hesitation to take food.

Most of the contacts between sharks and bags were "brushes."
The sharks were tempted to the surface by raising to the surface whole
fish between the two bags, separated from one another by about 10 feet.
Behavior of the sharks, when they followed the fish to the surface, tend-
ed to become frenzied, and many contacts between shark and bag occur-
red at this time when the sharks were competing with one another to
attack the fish.

In only one instance during the experiments was the bag actually
bitten, on one corner along the bottom edge. Upon close examination
of the bag, no teeth marks could be seen.

0.
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Response to bags in the evening.

During Experiment LZO, a large black and a large white bag were
tested from 1630 to 2015 hours. There were few approaches to either
bag until dark (about 1945), although there were many sharks in the
area. After dark a 375-watt photospot bulb was used tu illuminate the
experimental area. During this time, the behavior of the sharks radi-
cally changed. They surfaced and swam in the area of the bags. attack-
ing several dead fish dangling at the water surface for the remainder of
the experiment. Their number was estimated to be more than 25. The
number of approaches to the bags accumulated so rapidly that the number
of contacts between shark and bag could not be counted, but the sharks
were observed repeatedly to brush against the white bag (at least 20
times). No contact between sharks and the black bag was seen.

Response to a human in the bag.

After Experiment L18, one of us (Daniels) entered the small flesh-
colored bag, while the bag was in the water near the shark cage and
sharks in the area. Some difficulty was encountered in tempting the
sharks to the surface, and only one . 5_4C approach to the bag was
made by a grey shark. This resulted in a brush contact to the bag
which was not felt on the body of the person inside. The experiment
lasted about 20 minutes without further incident.

Rates of Approach and Contact between Grey Sharks and Bags.

Rates of approach to and contact with bags of different colors are
summarized in Tables 8 to 10 for grey sharks. Data for whitetip and
blacktip sharks are too few to permit analysis. Apparent correlations
exist between (a) bag reflectivity and the rate of approach (Fig. 11),
(b) bag reflectivity and the rate of contact, expressed either as contacts
per shark-minute (Fig. 12) or as contacts per approach (Fig. 13).

The reflectivity of the chrome bag was not nmeasured but obviously

was much higher than that for the other bags (Table 3). A value of 80%
arbitrarily was given to the chrome bag for purposes of graphical analy-
sis.

To permit comparison between approach and contact rates, a logar-
ithmic transformation was applied to the data. This also involved the

t
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addition of one unit to the contact rates to eliminate zeros for the blue
and black bags (Tables 9 and 10). The transformed contact rate for the
blue bag is probably somewhat unreliable, for it is based on few data.
The apparently divergent approach rate for the blue bag (Table 8 and
Fig. 11) may be unreliable for the same reason.

Data for the black bag include tho~e of Experiment L20. These
were accumulated at twilight. Owing to the prevailing dim light condi-
tions and the intense activity of the sharks at this time, the data may
be less reliable than those of other experiments. No contacts were
noted during this time despite over 80 approaches within one foot of
the black bag. It is possible however that a small number of contacts
were overlooked. Data for the white bag, on the other hand, do not
include those of Experiment LZQ. Activity around the white bag was so
intense, with so many approaches, that it was impossible to keep an
accurate count of contacts. An estimated minimum number of contact~s
during this time was 20.

7) Behavior of Whitetip and Blacktip Sharks toward Bags.

Whitetip sharks exhibited much the same behavior toward the bags
as the grey sharks. They occasionally showed some curiosity, and
sometimes brushed against the bags when they apparently were not
motivated by food. They also on occasion bumped the bags with their
snout. During Experiment L7, two abortive bites were made by one
large (about 6-foot) whitetip.

The blacktip sharks often were present in the experimental area,
but almost never left the bottom. During Experiment L20, at twilight
the blacktip activity seemed to increase and six approaches to the bag
were made at this time by blacktips.

S}
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DISCUSSION

Size of Bags and Sharks,

Behavior of sharks toward large and small bags was not noticeably
different. The number of approaches and contacts were somewhat higher
for the large bag, but this circumstance probably reaulted from the ex.
perimental situation, for the large bag generally was on the downstream
side of the dangling bait, The bait, an it was raised, tended to be swept
by the current toward the large bag rather than toward the emall one,

The sharks that participated in the experiments ranged from about
two to seven feet, with the majority between five and six feot, In gen-
eral their response to the bags was favorable, for they did not attack
the bags and never visibly damaged them, even though the bags wer,
bitten three times, The sharks seemed to be more interested in smaller
objects, such as the lead bricks. The sharks bumped and bit the lead
bricks n'sore often than tliwy did the bags. When they did bite the bag,
they did so at one of the two corners along the bottom pdge. These
corners seemed to provide a more conveniently biteable shape than the
rest of the bag.

The size of the bags in relation to the size of the sharks may have
been an important factor in these experiments. If no, the behavior to-
ward the bags of some of the larger sharks, for example the tiger shark
Galeocerdo cuvieri, ranging in excess of 1 I feet, or the great white
shark Carcharodon carcharias, ranging in excess of 30 feet, might be
substantially different. The experiments reported here were not do-
signed to explore this problem.

Color of Bags.

Because no difference could be detected in shark behavior toward
bags of different sizes, data for different sizes were combined for bags
of the same color. Apparent are positive correlations between bright
ness of the bag (reflectivity) and rates of approach to and contact with
the bag. Regardless of the nature of the contact no apparent damage
due to sharks ever was inflicted upon the bags. However, it would seem
that bags of low reflectivity, e.g., black, should be the more appro-
priate for the designed purpose of the bags.

[!I
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No experiments were made to determine the response of sharks to
transparent versus opaque bagss, However, some of the supplied bags
were translucent to varying degsrees tTable 3). As shown in Fig. 14,
a swimmer's mask, body and limbs readily can be oeon under direct
sunlight through the translucent green ball, His movements within such
a balg might visually Attract a shark. An opaquv ball would eliminate
"this possibility,

Movement of Bags,

Because of the relatively strougt water currents and wind in the ex-
perimental area, the bags had to be secured to the barge to prevent
their drifting away, The result of securing the bags by a line was a
certain amount of bag movement due to the wind and current as the bag
strained on the line. Underwater observations of the bag revealed that
it constantly was changing shape, according to the stresses along its
surface,

It had been planned to induce water movement within the bag, for
(xample by a plunger device, to simulate movement by a person within
the bag, Some attempt was made to do this, with the result that the
movement of the bag was not significantly increased. F,)r this reason,
further attempts to induce additional movement of the bags were aban-
doned,

A more direct approach to the problem was attempted, that of ex-
posing a person within the bag to shark attack. As already discussed,

S Daniels entered the flesh-colored bag while sharks were feeding in the
area, He remained in It for about 20 minutes. During this period
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there was only one close upproach by a grey shark, resulting in a brush
contact with the bag, which was not felt by Daniels. Apparently the i
sharks were not attracted to the bag by his body moverm;ents,

Endurance of Bags,

All of the bags used in these experiments were undamaged by the
sharks when the bags were removed from the water and inapected.
Damage to the bags, when It did occur, resulted from the harness used
to secure them to the barge. An exception was the chrome bag. This
bag had an outer layer of metallic foil around it, This foil started to
fragment soon after the bag was placed in the water. By the end of
Experiment 10 much of the foil had come off the bag. However, enough
of the foil remained to allow another experiment with the chrome bag.
At the end of Experiment 19, somewhat more than half of the foil re-
mained.
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Table 6. Contacts between grey and whitetip sharks and (a) chum bas-
ket, and (b) lead bricks. No contacts were noted for blacktip sharks.

BRICK CONTACTS
Exp. BASKET CONTACTS Bumps Bite s
No. Grey Whitetip Grey Whitetip Grey Whitetip

Ll 0 0 0 0 0 0

L2 5 0 10 0 3 0

L3 0 0 0 0 0 0

L4 0 0 0 0 0 0

L5 0 0 3 0 2 0

L6 0 0 0 2 0 0

L7 0 6 2 4 1 1

L8 0 2 5 2 1 0

L9 7 0 0 0 1 2

Il0 0 0 0 0 1 0

Lll 6 0 1 1 0 3

L12 9 1 5 0# 2 0

LI3 10 6 7 0 1 0

L14 17 5 4 0 1 0

LI5 1 0 13 0 0 0

L16 7 9 12 0 2 0

L1 7 5 28 5 1 0 0

LI 8 17 6 14i 0 2 0

L19 0 0 8 0 2 0

.L20 22 3 20 0 2 0

Totals 106 66 109 10 21 6

01
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SECTION III

CONCLUSIONS AND RECOMMENDATIONS

1 We bt lieve Che plaatlciaed bagls ar far suprior to U, S, Navy
Shark Chaser, chomical repellents and electrical devices which we
have tested for protecting persons from shark attack, When not moti.
vated by food, both the iptive and the froeo-wimming sharkm with
which we worked tended to avoidthe bags, Only raroly wre free-
swimming sharks seen to circle the bag at sufficiently close ranae to
brush against it, Even when motivatod by food, the shark. did not
attack the bag (except for its bottom corners) although they did bump
or brush against it with their bodies when feeding on vhum closo to
the bag, When the bag was occupied by a person (in only one test) in
the presence of free-living sharks motivated by food, the sharks did
not attack the bag. A grey shark brushed against it but the contact
was not felt by the person,

2. The bags used in the lagoon tests (but not those used in the pond
tests) were of sufficiently strong material ar.d canptruction to with', 1
stand the strain of a person e-ntering the bag and moving around in it.
Also, they were sufficientlý strong to resist damage when hit or
brushed by the sharks. Strength of material is vitally important, for
if a hole or rip develops not only will odors be disperaed to the sur-
rounding water but also the bag will become ;laccid and more suscep-
tible to damage from shark contact.

3. The smaller (Z4-inch) bag was just as effective as the larger (37-
inch) bag. It has the obvious advantage of forming a smaller and
lighter package.

4. We recommend investigation of the possibility of producing a bag
with a rounded bottom, preferably without seams. On a few occasions
the sharks bit the bottom corners of the present bag. Although the bag
was not damaged, it might have been torn or perforated by more aggres-
q•ve shark action. This "bite-hold" should be eliminated.

5. The color of the bag (per se) seems unimportant, but the reflecti-
vity of the bag seems very important. We recommend bags of low
reflectivity (e.g. , black). There were relatively few approaches and
no contacts with the black bag during daytime tests. There were relati-
vely few approaches and apparently no contacts with the black bag

.'I



III% M ~lii%~ I'voi Aith tiltItAIg bag ' p~IIt rpaso liot I- ,~ing stIAN' itmitil VA IUPN

(1, (Nsr i'~wri' lsio'to woet nillts d"PignoIId III voslipao s'' patiki and I rano.
~ ,'iiI iM ndoh'pi' di'wly III` ctV j it lii' u Ioli'voilivi y, I owPVP I', it APPUni

Iti %utno ~u di''ay11ight vitwhdi litn th I li uovol-~i'me' N1 i~t A jht.141i'f Iin ths hiaM
PoiAtt ily t'aI 110 NO' in Ily Ihie AhL rk h roib t)h Ihi' I riAi~n W-.'pnt hail andi I hot

that ithp balls ho' niuadoI tf all t~ipiuo iiate'iia1,

7. The' aharkit with w%'iuvii wi' workoid wo'ri' of nivsediun *imp' (rwutly
fIve' to move'n fooet), Tho'rp iNi still the' unre'solve'd qveaivoto of whe'tht'r
lai'Me'u frooe'.iving itharltw, ouch am the' tilger, runako and groat whito,
wo"ld attack th' bag.



DCMWIRM? A#Tm0L DATA 0&0
*Ie6#414#0144#1" W wi of 464#1001 a.,, fr"eeW4 angwfeW,0 ovalO " wl~e.W who"~ 0e ae"Ife "rots t' lt Iffi*ed

TIN 4t 49 &IYM ItV ff* f awffte4 aI N1110"I I g~q toIWl CA 06%VG

S~ ~ i5~ rwrT~' Or' NUWC. SU1ARtK ATT'1ACK DVT)llkrItttN'' l)VR$I

Test report (1967)_____

IAVYWSArJ ft~is Mame, "let 'mme, l MeserA01)~1
Nolsotn Claroth JT.
LDaniola. Charlos 1,

G NI 0rero#V U M*0 Passe1 aptw

I ~eYRAS June 1968 f
to IONTRssY em1 6"ANT we, Uureau or Naval It 601141HATO'e "wP00V 0uysumtIJ

Weapons Task Assignment I1ED. NUWC TP 53
S *146ýwR360oj.00.0t)0/21 6 1 IOo)

98-lb

III AVA1AIUM~LIYMUIYAYION NOTIC16 This documvient Lis suject to special export controlsl
and each transm ittal to foreign governments or foreign nationals may 19e niakde
only with the prior approval of the Naval Undersea Warfare Center,

'It 1UCPIUMINYA01V WoYUs Iit 1100HAORING MILCYA ACTIVITY
Naval Ordnance System@ Command
Naval Material Command

Ii. 5S~ACI Plasticized bag# were tested and found to offer advantagen over
chemical repellents and electrical devices that were tested for
effectiveness in protecting humans against shark attack, including

* the chemical substance presently issued by the Navy, When not
motivated-4y food, both captive and free-swimming sharks tended
to avoid the bags, Only rarely were free-swimming sharks seen

U to circle a bag at sufficiently close range to brush against it, Even
when motivated by food, the sharks did not attack the bag, although
they did bump or brush against it with their bodies when feeding on
chum close to the bag, (In one inctance, a bag bottom corner was
bitten; however, this was during a poriod of competition among
sharks for a fish suspended between two bags. ) When the bag was
occupied by a human in the presence of free-swimming sharks
(which occurred in only one test), the sharks did not attack the
bag. A grey shark brushed against it, but the contact was not
felt by the human occupant.:
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